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Switched-inductor quasi-impedance source inverter (SL-qZSI) with high 
gain fed five-phase induction motor drive for electric vehicle (EV) 
applications is proposed in this paper. Multi-phase electric machines have 
been predicted for application where the entire system should have better 
reliability and demanded power per phase is low especially for autonomous 
applications like EVs. To supply variable voltage and frequency to multi- 
phase machines, multi-phase inverters are required. SL-qZSI offers 
enhanced boost capability with respect to traditional impedance source 
converters by inserting three diodes and only one inductor to the basic quasi- 
impedance source inverter (qZSI). Also, SL-qZSI offers withstanding 
capability during voltage dip results line harmonics are diminished; 
enhances reliability of inverter; and extended output voltage range. The key 
idea of this paper is to design and develop a high performance and highly 
reliable SL-qZSI fed five-phase Induction Motor drive and validate the 
proposed system depends on results of Simulation with the help of 
MATLAB; these findings were comparable to the similar type of existing 
converters. We can notice from the performance analysis of the proposed 
system that it can provide enhanced voltage boosting capability and proved 
that it has significant potential for the suggested multi-phase variable speed 
drive (VSD) system. 
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1. INTRODUCTION 

In the past few years, the benefits offered by the three-phase induction motor made it apt for the 
application of adjustable speed drive (ASD) [1]. Nevertheless, the perturbed operation of the three-phase 
machine has to be taken into account during the faulty condition. In such situation modification of hardware 
for the drive system is expensive [2]. These days, the focus is grabbed by multi-phase induction motors (IM) 
because of their added benefits compared to the deep-rooted three-phase machines [3]. Benefits offered by it 
are better torque density, reduced power rating of switches, decreased pulsations in torque, improved 
efficiency, harmonics get reduced in DC link current, [4]—[5]. The most attractive feature of multi-phase 
motor is inherent fault-tolerant capability without any requirement of extra hardware [6]. Hence multi-phase 
machines are employed in applications where the requirement of high power and safety is essential such as 
ship propulsion, electric vehicle (EV), electric aircraft, hybrid electric vehicles (HEVs) [7], [8]. 
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Five-phase machines are commonly investigated and described in many documents since, among 
multi-phase machines, five-phase machines provide many essential features relative to remaining multi-phase 
machines [9]. In this paper, for multi-phase motor drives, speed control techniques are similar to that of 
traditional 3-phase machines; V/f control is implemented. The constant V/f control technique provides ease 
in the implementation, comparatively better efficiency, the excellent performance of impedance source 
inverter (ZSI), low current total harmonic disorder (THD). However, the transient and response for low speed 
are worse. Thus, it is applied to the system where the sluggish response is not a concern [10]. 

Generally, to supply a five-phase induction machine, a five-phase inverter is required; usually, the 
conventional two-level inverter is the solution. Nevertheless, it is subjected to many constraints and 
disadvantages: minimum output voltage is attained, dips in voltage suspends the VSD system, and leads to 
abandonment of few loads due to the absence of withstanding capability; as a result, it is not adequate to 
sensitive loads [11]. Output voltage controls the output power because the output is related to the square of 
the voltage. So the consequence is dimensions of the motor increases, which is unwanted for the desired 
power rating. VSD industry enables the enhancement of ride-through with various alternatives like fly-back 
converters and energy storage with boost converters [12]. Instead, these alternatives are not feasible due to 
price, size, and intricacy. With voltage source inverter (VSI) topology, we have to compromise for reliability 
due to i) at low speeds dead time causes distortion; ii) premature failure of bearings due to shaft current, 
which is produced by common mode voltages (CMV). 

To surpass the drawbacks in the classical inverters, conversion of power with the capabilities of both 
step-down and step-up in a single-stage, it suggested ZSI [13]. The voltage at the output terminals is boosted 
in the shoot-through (ST) mode, which is unique feature in ZSI different from VSI. Due to this unique 
feature, ZSI offers a low cost, single-stage, an easier system for applications of fuel cell and solar PV. In a 
leg, power switches are turned ON concurrently to avoid the dead time. In the direction of varying the 
magnitude of output voltage in a extensive range shoot through interval should be regulated. This quality 
significantly decreases the distortion at output terminals and enhances reliability. Because of this quality, ZSI 
settles in applications where safety and better operational reliability has to be guaranteed. The advantages of 
ZSI with the multi-phase machine are verified using classical ZSI implemented with five-phase [14] and six- 
phase systems [15]. However, limitation of ZSI is discontinuous input current. To maintain continuous 
current then a filter is required at the DC source side [16]—[18]. In remaining impedance network topologies, 
the latest type of quasi ZSIs (qZSI) has been proposed that dominates the equivalent of basic ZSI. The 
significant advantage provided by qZSI is a low rating of passive components. 

In the traditional VSI design, we should trade-off the reliability of the VSD system. Since the 
applications of solar PV based system like EV or HEV are almost stand-alone, so, it requires a great reliable 
system. Even though the multi-phase machine can afford reliable operation as it is essentially fault-tolerant, we 
may try to further enhancement in device reliability by selecting the best converters from the converter side. 
Various feasible methods are there for equating the load voltage (high voltage side) requirement from source 
(low voltage side): i) connecting a series combination of energy sources such as either solar cells, fuel cells or 
batteries to achieve the required voltage, ii) arranging two or more low voltage gain DC-DC boost converters in 
cascaded form, and iii) combination of a DC-DC boost converter along with a transformer. Among these are 
neither reliable nor economical. Using high boost factor converters are the best possible method to equate the 
difference in source voltage. Moreover, additional enhancement in the reliability of the VSD system is achieved 
by these high gain converters. In [19]-[21], the focus mainly on enhancing the boost factor of ZSI by 
introducing diodes, capacitors, and inductors to the Z-network, as explained in [19] and [20]. A transformer is 
used instead of two inductors to achieve high voltage raise [21]. In addition to this, the high gain in cascade and 
transformer-less configurations is achieved by using hybrid designs, and voltage multiplier cells [22]—[23] with 
the application of capacitors and switched-inductor. The drawback of boost limitation in the primary ZSI is 
surpassed with the help of a combined design structure of basic ZSI and switched-inductor. This entire design is 
known as the switched inductor ZSI (SL-ZSD, which delivers high conversion boost voltage. 

Nowadays, in power electronics converters, SL-qZSI is the best topology [24] exclusively with 
interesting properties like: i) offers withstanding capability without any changes in circuit, ii) improved 
power factor, and iii) decreased magnitude of common mode voltages (CMV) and current harmonics. In 
contrast to remaining VSDs [25]—[27] fed by high gain ZSI, VSD systems fed with SL-qZSI have the 
aforementioned capabilities and better reliability. A switched inductor is inserted to the qZSI topology to 
produce a new inverter coined as SL-qZSI. Suggested five-phase SL-qZSI is implemented to fed five-phase 
induction motor. Relative to remaining high gain boost converters, SL-qZSI provides various advantages like 
dc supply having common ground, suppressing inrush current during start-up. So far, no literature on the 
performance study of a five-phase IM drive with SL-qZSI has been presented. Investigating the efficiency of 
the suggested system is stepping ahead towards suitability for applications where the system requires high 
reliability. 
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Therefore, the paper attempts to fill the gap by investigating the five-phase induction motor driven 
by the SL-qZSI. This paper aims to unite the benefits of both the SL-qZSI and five-phase machines. The 
suggested five-phase VSD system driven by the SL-qZSI provides improved reliability and transient 
response, efficiency. The results obtained from the simulation are evaluated for assessing the system 
performance. Here, the paper introduces an innovative high gain switched-inductor quasi impedance source 
inverter (SL-qZSI) fed five-phase IM drive suitable for EV that fulfills nearly all of the aforesaid features. In 
the section 2, described the proposed system, the simulation results are presented and analyzed in section 3. 
Conclusion of this effort is presented in section 4. 


2. PROPOSED SL-qZSI FED INDUCTION MOTOR 
2.1. Modeling of five-phase phase induction motor 
Consider the phase angle displacement between any two adjacent phases of a five-phase IM. The 
below assumptions are taken into account for deriving a mathematical model of a five-phase machine. 
— Ina winding, the MMF produced is distributed sinusoidal along the diameter of the air gap. 
— The air gap is constant. 
— The saturation of the main flux can be ignored since the iron core has a linear B-H curve. 
— Iron core losses can be ignored. 
— Resistance and inductance of the winding are constant. 
In accordance with the winding transformation ratio, assuming that rotor winding is talk about the 
stator winding. Flux linkage, rotor, and stator voltage equations are conveyed as: 


vr, = pyre _ p MWabede 

abcde +r =abcde dt (1) 
Tr = r s 

Wabcde =~ Lylapede + Lrslabcde 

vS, = Rae, p TPabcde 

abcde +S=abcde dt (2) 
s = s t 

Wabcde = Lstabcde + Lsrlabcde 

The voltage, current, flux linkages in (1) and (2) can be defined as: 

vs = [VasVpsVesVasVes |? 

<abcde — as” Ds “cs “ds “es 

Ss _ ff: . . . . T 

lapcde = [tastystestastes| 
S — T 

Wabcde ai [Pas PosWesPaspes] GB) 


r mh T 
Vabcde 7 [Var Vor Ver Var Ver | 
T a . . . . . T 
lapcde = liaripricriarier] 


Pabcae = [WarWorWerWarWer |" 


Stator and rotor inductance matrices are given as: 


Lis +M M cosa Mcos2a Mcos2a Mcosa 
M cosa Li, +M Mcosa Mcos2a Mcos2a 


L,;=|Mcos2a Mcosa Lis +M Mcosa Mcos2a (4) 
Mcos2a Mcos2a Mcosa Lis +M Mcosa 
Mcosa Mcos2a Mcos2a Mcosa Lis +M 
Li; +M Mcosa Mcos2a Mcos2a Mcosa 
Mcosa Lis +M Mcosa Mcos2a Mcos2a 
L,=|Mcos2a Mcosa L,+M  Mcosa Mcos2a (5) 


Mcos2a Mcos2a Mcosa Li, +M M cosa 
Mcosa Mcos2a Mcos2a Mcosa Li, +M 


Mutual inductance matrix is given by: 
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cos 0 cos(0 +a) cos(@+2a) cos(0— 2a) cos(0-— a«a) 
cos(0 — a) cos 0 cos(0 +a) cos(0 +2a) cos(0 — 2a) 
Lo = M|cos(0 — 2a) cos(0 -— a«a) cos 0 cos(0 +a) cos(0 + 2a) (6) 
cos(@+2a) cos(@—2a) cos(@-a) cos@ cos(@ + a) 
cos(0 +a) cos(@+2a) cos(@—2a) cos(@-a) cos 0 
Lrs = Lor (7) 


‘@ represents the instantaneous location of the rotor phase ‘a’ magnetic axis regarding the stator phase ‘a’ 
magnetic axis. In five-phase IM, the matrices of rotor and stator resistances are diagonal in nature, and their 
order is 5 x 5. 

Decoupling transformation: to obtain a simplified model, for eliminating the variation of 
inductances with respect to time, a coordinate conversion is applied. Power invariant form of co-ordinate 
conversion is employed. Thus, the transformation matrix is applied to five-phase winding of the stator. 

Xnew = C Xoia 

RoR (8) 

Xola = C Xnew 


Where a transformation matrix of power invariant form is chosen in order that C71 = CT. The decoupling 
transformation matrix is given as: 


1 cosa cos2a cos2a cosa 
0 sina sin2a -—sin2a -sina 
c= E 1 cos2a cos4a cos4a _ cos2a (9) 
510 sin2a sin4a sin4a sin2a 
1 1 1 1 1 
VZ V2 v2 v2 v2 


Vag = CVabcaelaq = ClapcaeWaq = eel (10) 
Vag = €Vancaelag = Clancae Paq = CWancae 

Stator and rotor voltage is shown in (11): 

Yas = Rsids — OV gst PWds = Var = O= R,iqr —(@ = o) Wor + PYdr 

Vgs = Rsigs + OgVds + PWqs Yqr = 0= Rylgy + (@, = o) War + PYqr 

Vys = Rstxs + PY xs Vyr =0= Rig + PY xr (11) 
Vys = Rsiys + PY ys Vyir =0 = R,iyr + PY yr 

Vos = Rsios + PWos vor =0 = R,ior + PYor 

Flux linkage is shown in (12): 

Was = (Lis + Lm Jigs + Lintar War = (Li, +L iar + Linlas 

Was = (Lis + Lm Jigs + Lmigr War =(Lir + Lm igr + Linigs 

Wys =Ustxs Wyr = Usher (12) 
Wys = Listys Wyr = List yy 

Wos = Lsios Yor = sior 


Here again Lm= (n/2) M. 


Int J Pow Elec & Dri Syst, Vol. 13, No. 1, March 2022: 411-422 


Int J Pow Elec & Dri Syst ISSN: 2088-8694 Oo 415 


Torque is shown in (13). 


Y M[iariqs = iasigr| 


ak eG (13) 
PLin liariqs z iasiqr] 


Te = 
Te = 
Under the transformation mechanical equations of rotor motion is constant and is given by (14). 


Jd 
1,.-t,= 57 (14) 


Where, ‘P’ is the number of poles in machine and ‘J’ is inertia. 


2.2. Operation of SL-qZSI [24] 

The power topology of the introduced SL-qZSI fed five-phase IM drive system is appeared in Figure 1. 
SL-qZSI contains three inductors (viz., Li, L2, & L3), four diodes (viz., Din Di, & D2), and two capacitors 
(viz., C7&C2). Switched Inductor cell comprises of Lz, L3, Dı, D2, &D3. In contrast to SL-ZSI topology, 
inrush current flow is eliminated in SL-qZSI topology, since the current flowing through the principle circuit 
is zero during the start-up; nevertheless, in SL-qZSI the capacitors and inductors still resonate. When 
compared to the traditional continuous current qZSI, the boost factor in SL-qZSI is enhanced from 1/(1—2D) 
to (1+ D)/(1-2D—D?) by adding one inductor and three diodes to its power circuit. Boost factor for basic ZSI 
and qZSI can be written as: 


_ VPN _ 1 _ 1 
— Vac  1-2(Tọ/T)  1-2D (15) 


__ 14(T/T) _ 14D 
~~ 41-3(T)/T)  1-3D 


(16) 


where To is shoot-through interval state, D = To /T is the duty cycle. 
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Figure 1. SL-qZSI fed five-phase IM drive 
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Circuit analysis: analogous to the traditional ZSI, the five-phase SL-qZSI has typically thirty 
dynamics and two zero states apart from shoot-through zero states. Hence, the working principle of the 
suggested is analogous to the conventional ZSI. To simplify the study, the switching states are divided into 
shoot-through and non-shoot through states (NST). Equivalent circuit diagram of SL-qZSI shown in Figure 2. 
Figures 2 (a) and 2 (b) shows equivalent circuit during shoot-through state and non-shoot through state 
respectively. The five-phase SL-qZSI has thirty non-zero and two zero states during non-shoot through 
condition. In this condition, Din and D; are conducting whereas D2 and D3 are open. Lz and L; are associated 
in series. The energy is supplied from DC source to AC circuit by the inductors are of L;, L2, and L3; during 
this condition, the capacitors Cı&C2 are charged. Also, Viz nst and Vz3 nst are voltages across the inductors 
L2 and Lz, respectively. We get: 


Via = Vea — Vac (17) 
Vi2 = Via nst = Ve2 — Vis nst (18) 
Viz = Via nst = Ve2 — Viz nst (19) 
Vow = Ver + Vez (20) 


(b) 


Figure 2. Equivalent circuit diagram of SL-qZSI (a) shoot-through state (b) non-shoot through state [24] 


When both the lower and upper switches of the similar leg are conducting simultaneously, the shoot- 
through state can be accomplished in an inverter. During shoot-through state, Din&D; are open whereas 
D2&D3 are conducting and inductors L2& L3 are associated in parallel. While the inductors L;, L2& L3 are 
charging, then the capacitors Cı& C2 are getting discharged. We get: 


Via = —Ve2 — Vac (21) 
Vi2 = Vrz = Ver (22) 


By applying volt-second stability principle to inductors L2&L;3 then we get: 


-D 
Viz nst S3 Vis nst E Ipo + Vez (23) 


2D 
Vez = — 
0 =p 


Vea (24) 


In the same manner, the volt-second stability principle is applied to L; then: 


1-D 


Veo = ap—pe Vac 


Substituting (25) in (20) we obtain: 


1+D 
1-2D-D2 


Von = Ver + Vez = Vac = BV ac (26) 
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Where, B is defined as the boost factor of the inverter, it is: 


— 14D ç 1+(To/T) 
~ 4-2D=-D2  1-2(To/T)-(To/T)2 


(27) 


Compared to conventional ZSI, the suggested SL-qZSI has superior boost capability, but it has reduced boost 
capability compared to SL-ZSI. 


2.3. Bidirectional DC-DC converter 

Bi-directional DC to DC converter along with the SL-qZSI is placed in between the DC link and the 
battery of the inverter, as shown in Figure 1. This bidirectional converter is used as a backup option, and it 
helps the battery to charge during regenerative braking of the motor. Either of the switches in the 
bidirectional converter is turned ON to step-down or step-up the voltage. The duty cycle of switches is 
controlled based on the terminal voltage of the solar PV. If solar energy is low or it is absent, then the battery 
and bidirectional converter combination maintain constant DC link voltage. 


3. SIMULATION RESULTS 

To approve the exhibition of the proposed structure, solar-powered 1-phase power modulating unit 
for five-phase IM drive is simulated on the MATLAB/Simulink environs. The determined parameters of 
simulation are tabularized in the Table 1. In the results section, the simulation results of solar PV voltage and 
PV current; input voltage and current of the battery; and the output voltages and currents are introduced. It 
additionally introduces the motor side simulation results, i.e., stator currents and speed of the five-phase IM. 
DC bus is provided by considering arrangement of PV array of 5kW rating with MPPT system in shunt with 
battery fed bi-directional buck-boost D.C to D.C converter. 


Table 1. Simulation parameters 


Energy storage power 


Solar PV module specifications Power converter Induction motor 
converter 
Parameter Value Parameter Value Parameter Value Parameter Value 

Short-circuit current (Isc) 9.49 A Input power 2kW Input power 3 kW Output 2kW 
power 

Open-circuit voltage (Voc) 43.20 V Input voltage 200-600 V Input voltage 200 V Rated 1430 rpm 
speed 

Current at maximum power 8.47 A Output voltage 90V @367 Hz Output 200-600 V Rated 10 N-m 

point (Impp) voltage torque 

Voltage at maximum 36 V Switching 20 kHz Switching 20 kHz 

power point (Vp) frequency frequency 

Power at maximum power 300 W 

point (Pupp) 

No. of series connected 16 


modules (Ns) 


In these simulations, the two instabilities are in the usage of speed of the IM drive and solar 
irradiation is presented to approve the active performance of the introduced structure. PV temperature stays 
steady all over the simulation time. From Figure 3 (a) it tends to be seen that at 0.5-sec, the solar irradiation is 
reduced, so accordingly Ipy diminished. Both the PV current and voltage are appeared in Figures 3 (a) and (b) 
correspondingly. Likewise, the voltage and current of the battery is appeared in Figures 3 (c) and 3 (d). 
Figures 4 and 5 show the inverter currents and voltages during the both steady state and transient state. 

Stator currents inconsistent state are sinusoidal waveforms as appeared in the zoomed view portion 
of corresponding phase currents of Figure 5 and Figure 6 displays the results of the simulation of stator flux 
of five-phase IM drive using a 10 N-m load under-rated and reduced-speed conditions. It can be noticed that, 
under both speeds, the drive is able to operate at constant flux conditions. Reference speed at the time of zero 
sec is 1430rpm and it is decreased to 1200 rpm at the time of 1.5 seconds. It tends to be seen from Figure 7 
that the genuine speed of the motor precisely tracks the reference speed. Till 1.5s, the reference speed is 
remains unchanged, but the source is changed, consistently detect the instabilities of speed momentarily. In 
such conditions, the drive is able to track the reference speed precisely under steady-state conditions. From 
Figure 8, power accessible since the PV is 5000 W, from beginning moment to t=0.5 second. So, the 
abundance in accessible power is deposited in battery up to the time 0.5 seconds. At the time t=0.5 sec, PV 
current is diminished meanwhile irradiation is decreased, however the PV voltage stays constant, so power 
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accessible from PV is diminished, which is inadequate to reach the load. From t=0.5 sec to t=2 sec, 
inadequacy in power is exists from PV to satisfy the load demand, that inadequate power is acquired from the 
battery. The equivalent can be seen from the Figure 8. 


Figure 3. Simulation results of solar PV and battery parameters (a) solar PV current (b) solar PV voltage (c) 
battery voltage and (d) battery current 
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Figure 6. Stator flux of five-phase induction motor 


Tpv(A) 


V bat(V) 


Time (s) 


(c) 


ime (s) 


Figure 4. Line-line voltages 
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Figure 5. Stator currents of five-phase motor 
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Figure 7. Actual and reference Speeds of motor 
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Figure 8. PV source power, battery power and load power in proposed system 


3.1. A comparative analysis of the proposed inverter 
3.1.1. Boost factors 

One more simulations set are achieved to examine the implementation of the beyond topologies. The 
considered parameters of simulations for comparative analysis are tabulated in the Table 2. For the study of 
relative execution, boost factors are determined as the proportion of maximum D.C voltage in the circuit to 
the input D.C voltage for the necessary conversion of DC-AC. 


Table 2. Simulation parameters for comparative analysis 


Parameter Value 
Input DC voltage 200 V 
Switching frequency 10 kHz 
Filter inductance 250 uH 
Power 3000 W 
Output line voltage (RMS) 350-600 V 
Filter capacitance 44 uF 


3.1.2. Variation of duty cycle 

As stated previously, the adjustment in the impedance network setup, boost factors of every single 
topology possibly will vary from others. Hypothetically, the extreme boost factor of every single topology is 
immeasurable. Boost factors are essential for the conversion DC to AC from 1 to 1.75, i.e., while 200 V D.C 
is changed over 350 V AC to 600 V AC (RMS line), are intended and illustrated in the Figure 9. From this 
Figure 9, it is evident that the projected inverter is capable to alter the input D.C into essential A.C with the 
necessity of a low boost factor. 

Variations of duty cycle are intended as the variations in the middle of the maximum and minimum 
duty cycles essential for the conversion DC to AC in a definite variety. For the determination of contrast of 
various topologies, the maximum and minimum duty ratios are intended for the 200 V D.C to 600 V A.C 
conversion (RMS line) and 200 V D.C to 350 V AC conversion (line RMS) respectively. These values are 
introduced in a bar diagram, as appeared in Figure 10. From the bar diagram, it is evident that the variation of 
duty cycle range for the essential D.C to A.C conversion is huge on account of SL-qZSI; therefore, the duty 
cycle control is likely to be smooth on behalf of the introduced converter. 


EE pE meea o1 Range of Duty Cycle variation for required DC-AC Conversion 


6 


oe $ 
E, . . me IDC 5 0.08 
EP P a—=zicc| 90.06 
z ef o 20.04 
2° n Â oo 
n a aa a a a a o 0 
A an OPAR Zl IDC Zice IZI SBI SL-qZsI 
DC-AC Gain raal Topology 
Figure 9. Boost factors Figure 10. Representation of bar chart of variation of duty 
cycle 


Five-phase induction motor drive for electric vehicle with high gain switched- ... (Yaramasu Suri Babu) 


420 o 


ISSN: 2088-8694 
3.1.3. Peak DC-link voltages 

For the D.C to A.C conversion from 1 to 1.75 i.e., 200V, D.C is altered from 350V AC to 600V A.C 
(RMS line). D.C-links of every single topology are diverse from others, as appeared in Figure 11. From this 


outcome, it is extremely evident that the values of D.C-link voltage are low on account of introduced 
converter when contrasted to others. 


ax pe AO 
1300 [Peak DC Link Values in the same DC-AC inversion * = 
+ 
1200 og |an 
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Figure 11. Peak DC link voltages in different topology 


3.1.4. Capacitor voltages and switching stresses 

Meanwhile capacitors utilized in different topologies are altered, total voltage stresses are 
determined for the sake of comparison in all capacitors. Here in Figure 12, the entire capacitor stresses are 
designed though 200 V DC is changed over a range of A.C from 350 V to 600 V (RMS line). From Figure 
12, it is evident that the stresses of capacitors are extreme low on account of the introduced inverter. 
Switching stresses in different topologies are illustrated in Figure 13. It is evident that from this figure, 
relatively the switching voltage stresses are low on account of the introduced inverter. 
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Figure 12. Total capacitor voltages in different 
topology 


Figure 13. Switching voltage stresses in different 
topologies 


3.1.4. Passive components 

Capacitors and inductors for the existing and proposed topologies are intended for the various gains of 
DC to AC conversion. For the purpose of comparison, these are introduced as plots illustrated in Figures 14 and 
15. These figures show that the essential inactive components to design the introduced converter are 
significantly fewer components than former topologies of 1-phase inverter. 
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Figure 14. Values of inductance at different 


topologies (in mH) 


Figure 15. Capacitance values in various topologies (in uF) 
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4. CONCLUSION 

A high performance, highly reliable, and greater efficient SL-qZSI fed five-phase IM drive is 
introduced in the paper. In contrast to the counterpart i.e., classical VSI fed 3-phase IM drive, the 
combination of SL-qZSI five-phase IM attains best reliability and efficiency. Various attributes of the five- 
phase IM drive system are investigated with SL-qZSI. Desired performance is accomplished by the suggested 
system, and it is verified using simulations with V/f control. The suggested system can be implemented in the 
systems where better efficiency and reliability are of more concern. Its agreement validates the simulation 
results. 
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